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Depression is a common mental health condition that may interfere with functioning in daily life. Individuals with depression are more likely to withdraw from social interaction (Hopko & Mullane, 2008) as well as physical activity (Burton et al., 2013; Teychenne, Ball, & Salmon, 2008) and they are more likely to show sedentary behavior (i.e., activity approximately at the resting metabolic rate) (Barge-Schaapveld, Nicolson, van der Hoop, Roland Gerritsen, & DeVries, 1995; Teychenne, Ball, & Salmon, 2010) . Psychological interventions have therefore focused on reducing the passiveness that comes along with depression using behavioral activation strategies. Interventions including behavioral activation, such as behavior therapy and cognitive behavior therapy, have indeed been shown effective in reducing depressive symptoms (Cuijpers, van Straten, & Warmerdam, 2007) . However, the above mentioned cross-sectional studies and intervention studies do not make clear whether changing social, physical, and sedentary behaviors in daily life indeed contribute to recovery from depression and to daily mental health. One way to gain more knowledge about this is to examine whether a change in daily life behaviors is associated with a change in depression over the course of an intervention. To do so in an ecologically valid and reliable way, it is valuable to take repeated prospective assessments of behaviors in everyday life using real-time assessments (i.e., ambulatory or momentary assessments) (aan het Rot, Hogenelst, & Schoevers, 2012; Csikszentmihalyi & Larson, 1987) . One previous study using such an approach indicated that patients who recover from depression after antidepressant treatment can be distinguished from patients who do not recover by the amount of increase in time spent on household activities and decrease in time spent on passive leisure activities (Barge-Schaapveld et al., 1995) .
More recently, it has been acknowledged that studying within-person associations provides more insight in the causal direction of actual processes taking place within individuals in daily life and individual differences (Hamaker, 2012; Kanning, Ebner-Priemer, & Schlicht, 2013; Molenaar & Campbell, 2009) , as opposed to studies examining changes from baseline to post-intervention using only two time points. By examining whether withinperson fluctuations in daily life behavior predict mental health on a next moment in time, one could make inferences on whether certain patterns of behavior have an impact on how individuals feel later in time Kraemer, Wilson, Fairburn, & Agras, 2002) .
Several studies examined associations between daily life behaviors and affective states using repeated daily assessments. These studies were able to show prospective associations between physical activity (Bossmann, Kanning, Koudela-Hamila, Hey, & Ebner-Priemer, 2013; Feuerhahn, Sonnentag, & Woll, 2014; Gauvin, Rejeski, & Norris, 1996; Mata et al., 2012; Schwerdtfeger, Eberhardt, & Chmitorz, 2008; Steptoe, Kimbell, & Basford, 1998; Wichers et al., 2012) and social interaction (Brown, Strauman, Barrantes-Vidal, Silvia, & Kwapil, 2011; Clark & Watson, 1988; LePage & Crowther, 2010; Sandstrom & Dunn, 2014; Watson, Clark, Mcintyre, & Hamaker, 1992) on the one hand and positive or negative affective states on the other hand. Yet, the above studies either did not include individuals with depression or did not examine the impact of fluctuations in daily life behaviors on depressive symptoms while properly disaggregating within-person from between-person effects (Curran & Bauer, 2011) , except for one study on physical activity (Rosmalen, Wenting, Roest, de Jonge, & Bos, 2012) . It is important to separate within-person from between-person associations since these are not necessarily similar (Hamaker, 2012; Molenaar, 2004) . That is, the question if individuals are more depressed when they are more alone than others (between-subject association) differs from the question if individuals are more depressed when they are more alone than usual (within-subject association) (Curran & Bauer, 2011) . Therefore, it remains unclear if within-person changes in social, physical, and sedentary behaviors affect the experience of depressive symptoms in the daily life of individuals with depression.
The current study may fill the gaps in the literature by examining the associations between daily life behaviors (i.e., physical, sedentary, leisure, and social behaviors) and depression at (i) the micro-level, by examining within-person prospective associations, and (ii) at the macro-level, over the course of an intervention that may foster behavioral change.
To our knowledge, no study, to date, has performed such an investigation in individuals with depression. This study is unique in that it prospectively assesses a broad range of daily life behaviors and depressive symptoms before, during, and after an intervention and assesses both within-person temporal associations and associations between change from baseline to post-intervention.
The current study is embedded in a randomized controlled trial on the effects of a sixweek mobile Experience Sampling Method (ESM) self-monitoring intervention, with and without personalized feedback, as an add-on treatment for individuals diagnosed with depression who currently receive anti-depressant medication. The primary results of the trial have been published previously (Kramer et al., 2014) . Self-monitoring may lead to behavioral change by raising awareness of adaptive and dysfunctional behavior, which increases the availability of adequate information to make more adaptive responses (Prochaska & DiClemente, 1982) . Self-monitoring has also been shown to induce change in behavior, such as tics (Thomas, Abrams, & Johnson, 1971 ) and snack-eating (Maas, Hietbrink, Rinck, & Keijsers, 2013) . Likewise, ESM self-monitoring of present-moment behaviors and affect may stimulate depressed individuals to become aware of and to engage more in behaviors that generate positive emotions such as physical, leisure, and social activities. Such behavioral change increases the chance of positive reinforcement and positive emotions, which may counteract depressive symptoms (Lewinsohn & Graf, 1973; Wichers et al., 2010) .
The first aim of the current study is to examine whether changes in physical, sedentary, leisure, and social behaviors are associated with changes in depressive symptoms.
We investigate this first by examining the associations between change in behaviors and depressive symptoms over the course of the ESM interventions (i.e., from baseline to postintervention). Second, we examine the associations at the day-level by investigating withinperson temporal associations between behavior during the day and symptoms at the end of the day, while controlling for depressive symptoms of the previous day. We hypothesized that decreases in depressive symptoms would be predicted by decreases in sedentary behaviors and increases in physical, leisure, and social behaviors. The second aim is to examine whether ESM self-monitoring interventions are associated with change in these behaviors over time and in comparison with a control condition. We hypothesized that ESM self-monitoring of present-moment activities and mood would stimulate depressed individuals to engage in less sedentary behaviors and more in physical, leisure, and social behaviors over time and in comparison with the control condition.
Methods

Participants
A full description of the design, procedures, flow of participants, feasibility, and primary outcomes of the current multicenter trial have been published elsewhere (Hartmann et al., 2015; Kramer et al., 2014) . In short, participants were 102 individuals with major depressive disorder who received antidepressants or mood stabilizers. Other inclusion criteria were: Hamilton Depression Rating Scale (HDRS) (Hamilton, 1960) score ≥ 8, age 18-65, adequate vision, sufficient ability to read and write Dutch, no current or lifetime diagnosis of non-affective psychotic disorder, and no (hypo)manic or mixed episode within the past month.
Participants were recruited between January 2010 and February 2012 at mental health care facilities, at local hospitals, at a university, and by means of advertisements in the south of the Netherlands. Eligibility was assessed by means of a telephone interview and a full onsite screening. The Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I) and the HDRS were administered by trained researchers and research assistants to verify the presence of major depressive disorders.
Study procedures
All allocated participants were asked to complete five days of Experience Sampling (ESM) assessments before randomization (baseline) and one week after the intervention period (post-intervention). The ESM procedure was concordant with those of other studies (Myin-Germeys, van Os, Schwartz, Stone, & Delespaul, 2001; Wichers et al., 2007) .
Participants were prompted to respond ten times a day at semi-random moments (in each of ten 90-minute time blocks between 07:30 am and 10:30 pm) to questions about momentary affective states, behavior, and contexts using an electronic ESM device (PsyMate) (Myin-Germeys, Birchwood, & Kwapil, 2011).
Participants were randomized to an experimental group (n = 33), a pseudoexperimental group (n = 36), and a control group (n = 33). Randomization (allocation ratio 1:1:1) was stratified by duration of antidepressant pharmacotherapy (longer versus shorter than eight weeks of antidepressant use before study entry) and by current psychotherapy attendance (yes/no). The randomization sequence was generated in blocks of six (www.random.org). The randomization code was drawn from sealed envelopes by an independent research assistant. Due to the resource constraints and the fact that participants necessarily were not blind to allocation, interviewers were also not blinded to allocation.
Interventions
Participants in the experimental group and the pseudo-experimental group engaged in ESM self-monitoring of momentary affective states, behavior, and contexts ten times a day, three days a week over a period of six weeks (intervention period). In the experimental group, participants and their mental health care providers also received weekly personalized feedback on changes in affect and daily life behavioral patterns as well as their interrelations.
For example, feedback was provided on the contexts and activities that were associated with higher levels of momentary positive affect. The pseudo-experimental group received weekly HDRS interviews instead of the personalized feedback to prevent an effect of a difference in contact duration with the researchers. The control group received care as usual only (i.e., antidepressant medication) and did not have contact with the researchers during the six-week intervention period. A more elaborate description of the intervention groups is provided elsewhere (Hartmann et al., 2015; Kramer et al., 2014) .
Measures
ESM assessments. Participants recorded their social company and what they were doing just before the last beep using ESM questions with different answer categories.
Participants could choose one or two of these categories. Of all possible response options, we made a selection of those behaviors that have most often been described as important both for positive emotions and for the process of recovery from depression. We measured the occurrence (0 or 1) of sedentary behavior (nothing/resting), social behaviors (talking and being alone), and leisure behaviors (passive leisure activities and active leisure activities). As a measure of physical activity, participants rated the question "Since the last beep, I have engaged in physical activity" on a Likert-scale ranging from 1 (not at all) to 7 (very much).
End-of-day reports. The depression subscale of the Symptom Check List-90-Revised
(SCL-90-R; (Derogatis, 1994) ) was used to assess daily depressive symptoms. The SCL-90-R was used as this subclinical measure is more sensitive to small changes in symptoms than clinical rating scales (Derogatis, 1994) . Participants were asked to complete the scale at the end of each ESM day in the two ESM intervention groups. Each item was rated on a 5-point Likert scale ranging from 1 (not at all) to 5 (extremely). The composite SCL-90-R end-of-day mean depression score can range from 0 to 5.
Depressive symptoms at baseline and post-intervention. Depressive symptomatology was assessed with the 17-item Hamilton Depression Rating Scale (HDRS) (Hamilton, 1960) at baseline, one week after, and two weeks after the intervention period. The HDRS scores at two-weeks follow-up were used as a measure of post-intervention depressive symptoms to be able to impute the missing values of four participants using the HDRS scores at one-week follow-up. The total HDRS score can range from 0 to 52. The internal, retest, and inter-rater reliability of the HDRS semi-structured interview have been shown to be good (Bagby, Ryder, Schuller, & Marshall, 2004) .
Statistical analyses
Because ESM assessments (level one) are nested within individuals (level two), The models included baseline-post change in depressive symptoms, a variable denoting time (0 = baseline and 1 = post-intervention), as well as the interaction between time and change in depressive symptoms as fixed effects, and included a random intercept for participants as well as a random slope for time.
Second, within-person associations were examined between daily behaviors during the day and end-of-the-day depressive symptoms (measured with the SCL-90-R depression subscale) over the course of the six-week self-monitoring interventions using multilevel autoregressive modelling (Rovine & Walls, 2006) . For the dichotomous behaviors, the number of times that individuals reported to engage in a certain type of behavior during the day was divided by the total number of completed ESM assessments per day. For physical activity, the mean level of physical activity during the day was computed. Logistic multilevel modelling was conducted for the dichotomous behaviors. End-of-day depressive symptoms were modeled as the dependent variable. The time-varying predictors were first grand-mean centered and then person-mean centered in order to disaggregate within-subject effects from between-subject effects (Bolger & Laurenceau, 2013; Curran & Bauer, 2011) . Time in days, the person mean of the examined behavior, the deviation from the person mean of the examined behavior at (t), as well as the deviation from the person mean of end-of-day depressive symptoms at (t-1) (to remove autocorrelation from the series) were included as fixed effects. All models included a random intercept for participants. A random slope for the For all analyses, models with different (co)variance structures for the random effects (level-2 variances) and residuals (level-1 variance) were specified and the model with the best fit according to the Akaike Information Criterion (AIC) was chosen as the final model. All analyses were carried out using STATA (version 13.1).
Results
Descriptives
The means and percentages of the reported daily life behaviors and depressive symptoms at baseline and post-intervention are presented in Table 1 . There were no significant differences in these measures between the intervention groups and control group at baseline. About half of the sample was female (54.2%) and was living with a partner/own family (52.0%). The majority of participants was un-employed (65.7%) and did not have a comorbid DSM-IV Axis I disorder (60.8%). The mean age of the participants was 48.0 (SD=10.2). Sixty-nine individuals were allocated to the ESM intervention groups. Of these individuals, 59 completed the six-week ESM intervention. At post-intervention, ESM assessments of 85 participants were available and HDRS assessments of 91 participants were available. Level of education was significantly lower in participants without HDRS assessments at post-invention (D = 1.06, SE = 0.50, t = 2.11, p = 0.04). No differences in the other demographic or clinical characteristics were observed in the participants who did not complete the post-intervention assessments. In total, participants completed 16,595 valid ESM entries. On average, participants completed 39.7 out of 50 ESM assessments during the fiveday ESM periods (baseline and post-intervention assessments) and 23.7 out of 30 ESM assessments during the three-day intervention periods (Hartmann et al., 2015) . The number of assessments ranged between 4605 and 4612 for the analyses on associations between baseline-post changes in behavior and depressive symptoms. The number of assessments ranged between 7495 and 7509 for the analyses on the effects of the ESM interventions on behavioral change in comparison with the control group.
Between-person associations: baseline-post change in behaviors and depressive symptoms
Change in de pressive symptoms (HDRS) after the six-week ESM intervention was associated with change in some of the daily life behaviors. Patients who showed a larger reduction in depressive symptoms from baseline to post-intervention than others showed on average a larger baseline to post-intervention increase in talking (B = -0.06, SE = 0.02, Z = -2.27, p = 0.02) and physical activity (B = -0.06, SE = 0.03, Z = -2.18, p = 0.03). The reduction from baseline to post-intervention in depressive symptoms was not associated with the change in the other daily behaviors, including doing nothing/resting (B = 0.02, SE = 0.02, Z = 0.88, p = 0.38), active leisure activities (B < 0.01, SE = 0.04, Z = 0.03, p = 0.98), passive leisure activities (B = -0.02, SE = 0.03, Z = -0.57, p = 0.57), and being alone (B = 0.02, SE = 0.03, Z = 0.64, p = 0.53).
Within-person associations between fluctuations in behaviors and end-of-day depression
Within-person fluctuations in most of the daily life behaviors predicted end-of-day depressive symptoms (SCL-90-R), while controlling for depressive symptoms at the end of the previous day, over the course over the six-week ESM interventions (see Table 2 ). On average, individuals reported lower levels of depressive symptoms at the end of the day when they had engaged more often in physical activity or talking and when they had engaged less often in doing nothing/resting or being alone during the day. The random effects indicated significant between-subject variability in the effect of doing nothing/resting and physical activity (see Table 2 ). Based on these random effects, it is estimated that the effect of doing nothing/resting on end-of-day depressive symptoms ranges between -0.09 and 0.60 and that the effect of physical activity ranges between -0.13 and 0.03 in approximately 95% of the population 1 . The Best Linear Unbiased Predictions (BLUPs) (Rabe-Hesketh & Skrondal, 2008) indicated a smaller range of between-subject variability (see Figure 1 and 2). The associations between active leisure activities as well as passive leisure activities during the day and depressive symptoms at the end of the day did not reach significance.
Effect of the interventions on baseline-post change in behaviors compared to the control group
Participants in the two ESM self-monitoring interventions showed on average a significantly higher increase in talking, decrease in doing nothing/resting, and decrease in being alone from baseline to post-intervention in comparison with the control group (see Table 3 ). No significant difference in average change was observed in physical activity, passive leisure activities, and active leisure activities in the two intervention groups in comparison with the control group. Similar results were obtained when the two ESM selfmonitoring interventions were compared to the control group separately (see Table 3 ).
However, the effects of the experimental group on talking and being alone in comparison with the control group did not reach significance any more (p = 0.07, respectively p = 0.08).
Growth in behaviors over the course of the six-week ESM interventions
On average, there was a significant linear trend in several of the behaviors over the course of the six-week ESM interventions. There was an average decrease in the log-odds of doing nothing/resting of 0.07 per week (B = -0.07, SE = 0.03, Z = -2.67, p <0.01), an average increase in the log-odds of passive leisure activities of 0.04 per week (B = 0.04, SE = 0.02, Z = 2.12, p = 0.03), and a non-significant trend towards increases in the log-odds of talking of 0.04 per week (B = 0.04, SE = 0.02, Z = 1.76, p = 0.08). The random effect variances indicated significant differences between individuals in the direction and steepness of the growth over time in the daily behaviors, and also in the daily behaviors that did not show an average change over time. The random effect variances indicated that the amount of change per week ranged between -0.40 and 0.26 for doing nothing/resting, between -0.15 and 0.23 for passive leisure activities, between -0.16 and 0.24 for talking, between -0.41 and 0.33 for being alone, between -0.21 and 0.14 for active leisure activities, and between -0.31 and 0.37 for physical activity in approximately 95% of the population.
Discussion
This study is the first to examine within-person associations between daily fluctuations in a broad range of daily life behaviors and end-of-day depressive symptoms in individuals with depression by taking ESM assessments over the course of an intervention. These withinsubject analyses revealed more subtle and immediate temporal effects of physical, sedentary, and social behaviors on end-of-day depressive symptoms. Also, we were able to show that ESM self-monitoring interventions contribute to change in daily life behaviors of individuals with depression.
Changing physical, sedentary, and social behaviors may be important for individuals with depression as is evidenced by our finding that within-person fluctuations in these types of behaviors predict end-of-day depressive symptoms over and above depressive symptoms at the previous day. On average, depressed individuals had lower levels of end-of-day depressive symptoms when they engaged more in talking or physical activities and when they engaged less in doing nothing/resting or being alone than usual during the day. The findings on the daily benefits of social behavior correspond and extend the findings of Brown and colleagues (Brown et al., 2011) that showed that depressed individuals have lower levels of negative affect (NA) and higher levels of positive affect (PA) when they were with close social partners at a previous moment.
The current study also explains previous inconsistent findings between studies on the impact of physical activity on NA in individuals with depression (Mata et al., 2012; Steptoe et al., 1998; Wichers et al., 2012) . The random effect variances indicated that individuals differed in the extent to which self-reported physical activity and doing nothing/resting were associated with end-of-day depressive symptoms. A few previous studies also found individual differences in the impact of physical activity on affect (von Haaren et al., 2013) and depressive symptoms (Rosmalen et al., 2012) . Future studies should reveal whether clinical or demographic characteristics (e.g., age, presence of a chronic somatic disease, coping style, average level of physical activity and depression) can explain these individual differences. To gain insight into this, future studies may use individual time-series analyses to examine for which individuals the impact of physical activity and doing nothing/resting is more profound. Furthermore, the fact that such individual differences exist also urges the need for personalized interventions in psychiatry. That is, not all depressed individuals may benefit equally from similar interventions. Individual time-series analyses may be helpful to reveal if low levels of physical activity elicit depressive symptoms in a specific individual and may reveal which daily life behaviors predict lower levels of depressive feelings. This knowledge may improve clinical decision making and may help to predict which patient would benefit from what type of intervention.
By studying both micro within-person temporal associations and change from baseline to post-intervention, we could show that within-person fluctuations in daily life behaviors were more robust predictors of depression than between-person differences in behavioral change over time. Behavioral change from baseline to post-ESM intervention was for most behaviors not associated with between-person differences in the amount of depressive symptom change from baseline to post-ESM intervention. Only patients who showed a larger change from baseline to post-intervention in talking and physical activity showed a larger baseline to post-intervention reduction in depressive symptoms compared to others, although these effects were rather small.
The discrepant findings might be explained by the fact that associations between changes from baseline to post-intervention may not capture the subtle processes taking place within individuals and individual differences, as these are between-person associations (Hamaker, 2012; Molenaar, 2004) . Analyses of associations occurring within individuals might be more valuable as these take into consideration that daily behaviors and depressive symptoms fluctuate from day to day and that there may be individual differences. Another possibility is that individuals differed in the type of behavior that they changed over the and being alone are in accordance with theories posing that increasing awareness of dysfunctional and adaptive behavior induces self-regulatory behavior (Kanfer, 1970) . These findings are promising with regard to the potential of using experience sampling techniques as therapeutic interventions. ESM assessments and self-monitoring may be used as an add-on tool in addition to existing behavioral activation strategies; both to reveal relevant behavioral patterns to intervene on and to promote awareness of and change in behavioral patterns. An advantage of mobile self-monitoring is that mobile devices and mobile-phone applications have become readily available to make these strategies easy in use and affordable. This study has several notable methodological strengths, including real-time assessments of a broad range of daily behaviors and depressive symptoms before, during, and after the ESM interventions, and the examination of prospective long-term associations, more subtle within-person associations, as well as individual differences. Yet, there are also several limitations to be mentioned. If patients had performed ESM self-monitoring during all days of the six-week intervention period, we would have been able to examine true within-subject associations and individual differences more reliably by using replicated single-subject timeseries analyses. However, such an intensive sampling schedule would be a high burden for patients and the random effect variances obtained with the current design do give an indication of the degree of between-subject heterogeneity. Furthermore, the use of accelerometers in addition to ESM self-reports may have resulted in a more accurate measurement of physical activity . In addition, the possibility cannot be fully excluded that the behavioral change observed in the ESM intervention groups is a result of the study procedures that might have had an activating effect, including weekly face-toface contact with one of the researchers. Finally, it should be noted that the temporal direction of the between-person associations between changes from baseline to post-intervention cannot be inferred. This does not hold for the within-person analyses, where the temporal order of the associations between changes in behavior and in depressive symptoms has been taken into account.
In conclusion, this study highlights that adjusting one's daily life activities may have important implications for the emotional wellbeing of individuals with depression. The study also shows that individuals may differ in the extent to which physical activity and sedentary behaviors affect their depressive symptoms and the type of behavioral change that they show upon self-monitoring. Mobile ESM self-monitoring may be a useful add-on tool to realize daily life behavioral change and to gain personalized insight in which daily activities improve one's daily depressive symptoms. 11.27 (6.68) 12.61 (6.15) 15.33 (6.79) Note. The Hamilton Depression Rating Scale-17 (HDRS) was assessed before and two weeks after the Experience Sampling Method (ESM) intervention. Missing post-intervention HDRS scores of 4 participants were imputed with one-week follow-up scores. Missing postintervention ESM records of four participants were imputed with ESM data of the sixth week of the ESM self-monitoring period. The daily life behaviors add up to more than 100% because participants could engage in more than one behavior at a time. Table 2 . 
Within-person associations between fluctuations in daily behaviors and end-of-day depression
Predicted individual effects of doing nothing/resting on end-of-day depressive symptoms
Note. Individual coefficients were predicted by Best Linear Unbiased Predictions (BLUPs) (Rabe-Hesketh & Skrondal, 2008) based on the random effects of the multilevel model presented in Table 2 . Bars represent the predicted coefficients of the association between doing nothing/resting and end-of-day depressive symptoms per individual.
Figure 2.
Predicted individual effects of physical activity on end-of-day depressive symptoms Note. Individual coefficients were predicted by Best Linear Unbiased Predictions (BLUPs) (Rabe-Hesketh & Skrondal, 2008) based on the random effects of the multilevel model presented in Table 2 . Bars represent the predicted coefficients of the association between physical activity and end-of-day depressive symptoms per individual. Note. Time = (0=baseline, 1=post-intervention), treatment (0=control group, 1= the experimental group and/or the pseudo-experimental group), ESM interv. = the experimental and the pseudo-experimental group. In the left column, the control group is compared to the ESM interventions together. In the right column, the control group is compared with either the experimental group or the pseudo-experimental group.
